In this work we present a cost effective strain sensor based on micro-cavities produced through the re-use of optical fibers destroyed by the catastrophic fuse effect. The strain sensor estimated sensitivity is 2.22 ±0.08 pm/µε. After the fuse effect, the damaged fiber becomes useless and, consequently, it is an economical solution for sensing proposes, when compared with the cavities produced using other complex methods. Also, the low thermal sensitivity is of great interest in several practical applications, allowing eluding cross-sensitivity with less instrumentation, and consequently less cost.
INTRODUCTION
Strain sensors are widely used for a large variety of applications such as aerospace, automotive and motor sports, dental and medical sensors, biometrics, structural health monitoring of engineering structures, among many others [1] [2] [3] .
On the last decades, due to considerable research investments worldwide, optical fiber sensors appeared as one of the most promising sensing technologies due to its advantages over traditional electronic sensing. Namely, its reduced weight and volume, immunity to electromagnetic interference, electrical isolation (don't make use of any electrical signals) makes them explosion safe with no interference from electromagnetic radiation.
The need for sensors to ensure greater reliability and security in high risk locations, such as oil rigs and nuclear plants, has significantly motivated the research on this kind of sensors. Among those, the Fiber Bragg gratings (FBG) or FabryPerot Interferometer (FPI) micro-cavities based sensors have become the most attractive due to the miniature size, linear response and higher sensitivity [1, [4] [5] [6] . Nevertheless, its production requires a high economical investment and complex assembling techniques.
In this work we present a novel and cost effective technique to develop optical fiber FPI strain sensors, based on the recycling of optical fiber destroyed by the catastrophic fuse effect. This phenomenon, first observed in 1987 [7] , is characterized by the continuous self-destruction of the optical fiber, which is induced by a high intensity optical signal. This singularity can be initiated by a local heating point, frequently a damaged or unclean connector, or in a fiber tight bend [8] .
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SENSOR PRODUCTION AND EXPERIMENTAL CHARACTERIZATION
After the catastrophic fuse effect propagation, the damaged optical fibers shown periodic voids in the core region, whose dimensions and spatial period are in the order of a few micrometers [9] , as illustrated in Figure 1 .
In this way, the damaged fiber becomes useless and, consequently, using it for sensing proposes and taking advantage of the micro-structures created naturally, is an economical solution when compared with other techniques. The sensing micro-cavity is obtained by splicing a damaged fiber, with a standard optical fiber. Once the fuse effect damaged optical fiber is cleaved on the end void, the fiber is placed on a splicing machine from Fujikura, model FSM-040S, allowing the alignment and the splice of both fibers with an electrical discharge, as demonstrated in Figure 2 sequence. The fibers alignment is made through the cladding and the discharge time is 2000 ms. According to the method presented, an optical FPI micro-cavity sensor was manufactured, as shown in Figure 3 , left.
In order to characterize the sensor to mechanical perturbations, a linear translation stage with a micrometric screw, for control, was used, Figure 3 , right. The fiber, containing the micro-cavities was fixed with epoxy to a rigid support and the linear translation stage, and a 24 hours' time interval was given for curing. The distance between fixation points was 12.84 mm. After curing, the test was performed, applying an increasing longitudinal strain to the fibers. The optical spectrum was obtained for each sensor, on an imposed elongation interval ranging from 0 µm to 140 µm, in 10 µm steps. The monitoring data was acquired with an interrogation unit from Micron Optics, model sm125, with a resolution of 1.0 pm. The obtained optical power spectra, for the FPI sensor are presented in Figure 4 on the left, along with the strain characterization. From the data displayed it's possible to estimate the strain sensitivity of the proposed sensor. Its sensitivity is obtained by a linear fit to the wavelength shift as a function of the applied strain, which is represented in Figure 4 , on the right. A strain sensitivity of 2.22±0.08 pm/με was achieved. 
Where λ is the wavelength of the incident light, n is the refractive index of cavity material and L is the physical length of the cavity.
If a fiber with a cavity is subjected to a physical perturbation, the phase difference will change with the variation of the optical path length difference and the wavelength shift on the FPI cavity can be related with the longitudinal relative elongation, ε z , according with the following expression:
where λ m is the wavelength of the m th order interference mode, m an integer and L the cavity length. The micro-cavity radial dimension is greater than the optical fiber core diameter, allowing a large number of transversal optical modes to be transmitted. Additionally, due to the comparable diameter of the fiber with the cavity width, a longitudinal axial strain also imposes an alteration (decrease) of the cavity width. The micro-cavity unveils an ellipsoid contour, thus, it is expected that the interference condition and the strain sensitivity exhibit dependence with the cavity volume. This fact is often ignored by other authors that apply the traditional FPI model to micro-cavities [5] . Even models developed to spheroidal Fabry-Perot micro-cavities fail to describe, accurately, the strain sensitivity dependence with the cavity length [10] . Based on the above and considering the cavity parameters measured and a radial symmetry, for the strain value of 2.2±0.8 pm.µε -1 a cavity volume of 1.388x10 -6 µm 3 was obtained.
CONCLUSION
Within this work, we demonstrate a lower cost manufacturing process for FPI micro-cavity sensor, achieving strain and thermal sensitivities similar to previously reported solutions with much higher manufacturing costs and complexity. The sensors manufacturing process allows re-using the otherwise useless standard optical fiber, damaged by the fiber fuse effect. This technique considerably reduces the manufacturing costs and the complexity of the process, when compared to other techniques.
